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FIGURE 1 
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FIGURE 6 
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55.0189 

A METHOD AND APPARATUS FOR COMPUTING A WELL FOR 
PRODUCING HYDROCARBONS OR THE LIKE 

The invention relates to the field of petroleum service and supply industries, and more 
paiucuiany to compjermg weiis xor pnxxuczng nvufocarDons, geotnernuu wan; or tncuce. 

While drilling is taking place, the integrity of e well is controlled by e drifting mud of density 
that needs to be adjusted so thit the hydrwific pressure of the mud column opposes the leaks 
from the formations wide sxmuiuneousiy avoiding damaging the underground formations by 
fimcturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the deference h depth is such that it is no longer possible to formulate a mud capable of 
performing its function over the entire length of the wefl, so to prevent collapse of the wall, h 
is necessary to fine the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the well, and are fixed to the wail of the weU by 
cementing Thereafter, drilling can continue down to the next critical depth. 

Each newl^irilled length must be a^ 
pass through the cijtng that b 

staircase structure with a hole that b large at the top of the wefl and much narrower at the 
bottom of the weU Such a configuration is far from optimal: a large hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hok in the 
us e fu l zones does not favor production by good draining of die fimnation. 

Worse still, it often happens that the hole passes through unexpected critical zones even before 
boring has readied a critical depth. Such critical zones may, lor example, be veins of very 
friable rock or 'pockets 1 ' of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surface. Under such 
circumstances, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones are encountered as drilling continues. 



09/18/2000 18:23:13 page -7- 



It will also be understood thar it is very difficult to repair damaged cubg by installing new 
casing, without further significantly reducing the size of the hole tnd thus nimt^g the risk of 
preventing penetration of certain toots or items of equipment that may be needed in the 
production zones, for example. 

Over die last few years, the industry has developed new techniques of completing weOs or of 
completing them temporarily, to as to nuromize the amber of "steps* and to increase the 
downhole di a met er of the wdL 

Proposals have thus been made to use a composite material compris in g an 
made of glass fibers impregnated with tm-pofymcrizei epoxy ream and having a rubber 
membrane covering its outn&e face which is directed towards the wall of the hole. By using an 
appropriate laying tool the membrane is applied against the waB of the hole or a damaged 
portion of casing, and die resin is caused to polymerize by being hea t ed . The main difficulty of 
that technique is that it requires electrical power of the order of 1000 watts pa linear meter, 
thus Enuring its application to treating zones that are relatively short. In addition, such a casing 
of synthetic material cannot constitute a final replacement for metal casing since that needs to 
be capa Mo, In particular, of withstanding treatments based on strong acids or other materials 
that are particularly corrosive. 

US Patent 5 34S 095 proposes making casing out of a continuous tube of ductfle material 
capable of withstatrfng large amounts of plastic deformation. The tube is enlarged by a 
conical tool, and it can optionally be cemented. However, expansion of the tube is 
a cco mpan ied by a reduction in the total length of the tube, and this can give rise to interface 
problems at the ends. Furthermore, the pressure required for expantfirjg the tube b very high. 

US Patent S 366 012 proposes a perforated finer provided with overlapping longitudinal atota. 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
lioer is used to expand the watt of the finer and the orifices become larger. Fiber-reinforced 
cement can then be cast on either side of the finer, and once the cement has set, the inside of 
the finer is bored again, thereby leaving a casing of fibro-ceroem that is reinforced by metal 
reinforcement The need for father boring after cementing constitutes a major drawback of 
that technique. In addition, in the above-mentioned case, the pressures required for expanding 
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the tube are quite high and the final length of the finer is reduced. Finally, the dots must be 
pierced in compliance with very precise specifications, which leads to a manu&cturing cost 
that is high. 

An object of the prescrt invent 
the4bove«!et«kMiedd 

According to the inveirioo, okjcct » 

underground formation the finer being constituted by a spoil-wound strip of spiral cross- 
taction, its bnghuclnel edges having complementary touching profiles such that after 
expansion the finer b circular in section. 

To complete a well, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of a placement tool, eg. a conical tool, so as to place the tagtodinal edge in 
a touching position where they form a cyfinder. A closed continuous finer is thus obtained 
which can be cemented m conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral woimd 

horizontal or nmiW-lateral. given its smaO diameter m its contracted state which lends itself 
w* to being instated biianwwete 
traditional ca s i ng se gm e nts . 

The finer of the invention is also wefi adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is close to the diameter of the hole before enlargement may then be 
put into place and cemented. Thereafter, drifting can continue and the entire column, inducing 
the zone that has steady been complex 

The spiral casing of the invention can also be used for 
since the outside diameter of the ipW casing after expamto 
very sfightiy less the inside diameter ofthecasiiuj that ^ 

The spiral-wound strip preferably has chamfered longitudinal edges that define contact 
suffices whose general direction lies in a plane which forms a non-zero angle relative to the 
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longitudinal aocb of the finer. Alio preferably, the longitudinal edges have t crenellated season 
to provide mechanical engagement at a predetermined alaneter. 

In a more particularly preferred variant of the invention, the liner it obtained by raffing up a 
■trip about aa ads that to at a certain angle relative to tto art cfaymmeiryofthe atrip. Under 
such ckcumstances. when the finer is m the contracted Hate, it has edges which fbnn a double 
hehx around the cylinder. If the perta 
figure to obtained whose length is not altered by expansion. 

Tb*E^ofthetaventk» can be wound length^ 

coaed tubing. In order to complete aectioiu that are of great leqgth. u ^ 

together a plurality of iheeu, either during manufcetun: of the finer, which is preferable when 

using the coued tubing technique, or etrednecth/onaite. 

ThehWoftheiitvenrionambemufeofmetal, e.g. steel or any other material having the 
desired degrees of elasticity and |»asticity. u should be observed to 
to selected, and providing it has not been cemented, men the liner of the invention can 
oprioeaty be removed, thus making temporejypbeementtiKttible. 

Other details and advantageous chKmcteristica of the invention appear from the following 
description given with reference to the figures, in which: 

• Figiw T» a dssgramnalfc view o 

after expansion, shown in perspective (Figures la and lb) and hi end view (Figures la' and 
lb 1 ); 

- Figure 2 shows an expansion tool; 

- Figure 3 shows an example of nKchanical engagement using toothed edges (Figures 3a to 
3d) and shows various profiles for such toothed edges; 

• Figure 4 is a perspective view of a liner in the contracted state and having longitudinal edges 
with toothed sections; 
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■ Figure 5 shows a liner of the invention hiving tongitudina] edge* constituting a double helix, 
teen in perspective in the contacted state (Figure 5a), after expansion (Figure 5bX and in 
longitudinal section (Figure 5c); 

• Figure 6 shows an example of temporary conpledoa using a finer of the biventkm; 
•Figure 7 shows a typxal sequence for co^ 

• Figure 8 sbows a variant of a finer of the invention that ts perforated and fitted with a sand 

The concept of the invention is shown i* Figure 1. A strip, eg. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the finer it circular in 
section and hs longitudinal edges come into oortact to constitute a ck^ 

If the winding follows an An*anedea J spiral, then writing £ for die thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 

where A, the overiap angle, is expressed in radians, and where the lengths De, Dc, and e. are 
expressed in the same units. 

With an overlap of 90* as shown m Figure la, a liner having an outside efiameter De of 17.8 
era (7^ «td a thickness n of 9 J 

(5.86"). For an overlap of ISO*, the expansion is dose to 50%. 

By way of example, the tool for expanding the finer of the invention can be constituted by a 
double cone assembly as shown o^agranunatically in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 11 of diameter 
similar to that of the spiral-wound finer in the contracted state, thereby enabfing the spiral- 
wound finer to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged rone \2 of outside diameter dose to the inside diameter of the liner after 
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it has been expanded The enlarged zone 12 is preferably capable of being retracted it least in 
part by remote control meant such as hydraulic pressure, mechanical means, or a combination 
of such means as is conventional for placement tools as used in wells. 

In the variant of the invention shown in Figure 3, the complementary toogitiK&ial edges art 
given teeth so as to form a mechanical lock. As can be seen more particularly in Figures 3a to 
id, a toothed fa this — Mg» ***** M p"**** ******* engagement 

It may also be observed that the longitudinal edges have a contact area feeing in a general 

direction D at a non-zero angle relative to the normal to the longitudinal axis of the finer. An 
angle crfabout45\ and more a^«raty 

Other variant toothed profiles are shown in Figure 3*. The number of teeth can be increased, 
or on the contrary, decreased, and it is possible to select profiles that are nearer to being 
square so as to achieve fngagrmw* that is doser to being of the tenon and mortise type, In aH 

of the examples shown in Figure 3, the toothed edges follow a general direction "o at a 
certain angle relative to the normal to the longitudinal axis of the Hoer. The profile selected is 
preferably such as to minmuie radial friction forces that tend to oppose slidin g of the two 
complementary portions. Aa shown in Figure 3e» the elastic forces Pa and Fb that result from 
expanding die spiral-wound finer create radial friction forces Fc end Fd winch tend to move 
the edges apart This separation force can be minimized or even eliminated by optimizing the 
shape of the teeth. 

The forces Fa and Fb which assist in locking the finer are directly proportional to the overlap 
angle A of the finer in the contracted pos it i o n. Nevertheless, too much overlap also tends to 
increase tte radial forces so that a balance must be found between the desM coefficient of 
exp a nsion and mechanical lockmg. 

Hie finer is expanded into the shape of a cone of dimensions that depend cs scn titBy on the 
geometry of the spiral-wound finer and on its elasticity, and to a smaller extent on the apex 
angle of the conical expans i on tool. To Emit friction forces, it may be advantageous to select 
an expansion tod constituted by a cone whose apex angle is dose to that of the "natural" 
expansion cone of the spiral-wound oner. 
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As shown mem particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the axis of the spinl-wound tube. This angle B has an optimum value tying between the 
"natural" agansion cone angle of tte 

Figure 5 shows the most partkularty preferred variant of the invention in which the finer is 
obtained by roffing up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the strip. In the contracted position (Figure 5aX the edges fonn a double hefix 
around the finer. After expansion (Figure 5bX the two hefixes coincide and the junction line 
winds helically around the finer. 

A particularly advantageous aspect of this geometry fits in k being possible for expansion to 
be pedbnned without changing the X length of the liner. It, as shown in Figure 5c, the 
"(Bameten" of the Goer are written Dc and De (where bdexfi corresponds to the finer bemgm 
the cont r acte d state and index s to the finer in the expanded state), and if the periods of the 
hefical curves followed by the loqgmjdinal edges are wri 

heBx is defined aa being the distance measured along the longitudinal axia of the finer between 
two corresponding points that are one complete tura apart around the cyfi^^ 
(orDeifthecascmaybe)X«KiiftlM5leogm 

a finer whose total length is X, it can be shown that the length LU equal to: 



and that consequently, if the tape is rolfcdupmsudiainaimerthat ^ = ^ f thm tbekn^ 

if € H 9 

X does not very. 

With this double helix configuration it shcwld alw 

liner is of thickness W, then the diameter after expansion a given by the eq^^ 





09/16/2000 18:23:13 page -13- 



Finally, toother consequence of thi* geometry is that all points on the surface of the liner move 
in « plane perpendicular to the axis of the finer during die expansion stage, if the ends of the 
double hefix finer are out perpendicularly to the longitudinal axis, then after expansion these 
ends wfll define perfect cirdes in plane that are themselves perpendicular to the longitudinal 
axis of the finer. This disposition is particularly favorable fur ensuring sealing of die 
completion at the ends of the liner. 

Figures 6 and 7 are highly diagrammatic and show two examples of completion using a spoil- 
wound finer of the invention , it being understood that these ex am pl es are not limiting in any 
way. 

In the example shown in Figure 6, the spiral-wound tube is used for completing a me m 
temporary manner. In a wefl in deep water, the problem may be due to too small a difference 
between tne oractunng gramcm ana toe pressure ox me lonnanoci. mere may anernaxxvety oe 
problems associated, for example, with the presence of fonnatsons that are highly unstable 
(clayey rock, sands, salts, etc.) in depletion zones, or other problems that are well known to 
the person ddDed in the art The financial conseq uen ces of such zones is generally out of all 
proportion to their length since anticipated completion thereof requires casing to be installed 
on an extra o c c a sio n , thereby reducing the diameter of the hole 

The wefl has been drilled and casing has been installed in its upper portion I. Drfflmg has then 
continued beneath the casing shoe 2 to pierce t bote 3 that is substantially cylindrical, and that 
is not cased, prior to reaching a zone 4 of length Lz winch needs to be treated immediately 
(Figure 6a). The decision is taken to proceed with temporary completion using a liner of the 
invention. A spiral-wound finer S is pushed towards the bottom of the wefl by means of ft 
double conical expansion tool 6 fixed at the end of a tube 7. The expansion tube is caused to 
move on (Figure 6b) so as to spread apart the walls of die finer until they reach a predefined 
diameter (Figure 6c). Once the finer is in place (Figure 6d) the expansion tool is returned to 
the sur&ce and the finer is cemented using finer cementing techniques (Figure 6e). In the case 
shown here, the finer is provided with openings 8 to aBow cement to pass from the inside of 
the liner towards the annuhis 9 which is to be cemented, however it is clear that a cementing 
shoe could be used. 
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After expansion, the inside diameter of the finer is practically identical to the diameter of the 
hole in zones where there are no drilling problems (where n ece ssary, the hole cm be enlarged 
in the tone that requires treatment by means of a reamer). Drilling can then be started again 
without any need to driB through a cemented zone, and the entire well can be completed in 
accordance with die original drilling plan, and without any reduction in the diameter of die 
well 

Kb dear that additional toob 

of the invention. Also, the firier is preferably fitted with codpieces made of a material that is 
essay deformed and that is easy to drill (eg. aluminum), thereby guaranteeing that the spiral* 
wound liner is properly expanded over itt entire length. 

A typical sequence of using a spirti-wound finer of the invention for completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, fix example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a non-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production finer, the finer of the invention is, in this cue, 
pierced to allow production fluids to pass therethrough, and as shown m Figure I, It is 
preferably covered in a grid which may be fixed thereto, eg by being welded to the strip prior 
to spiral winding. The mid is preferably on the outside free of the finer, facing towards the 
wall 

It should be observed mat die surface area of the roDed-up strip remains unaltered during 
expansion so wefla are not weakened by the spiral-wound finer of the invention being put into 
place and expanded. For the same reason, the size and distribution of the openings provided 
fix- allowing the production fluids to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and in the expanded state. This makes it 
possible, in particular, to obtain a liner that is very strong in association with greater stability 
and longer fife of the well. 



09/18/2000 18:23:13 page -15 



-10- 

For • horiamtal wdl. a spiral-wound liner of the tomfa hf**^ 
can be placed very dose to the formation, even in the upper portion of the liner, and that is 
often not the case with • conventional liner that is incapable of being contracted. 

So krag as k has not been cemented, a ipW-wound finer cm be withdi^ 

special toot which separates the longitudinal edgeswutoafiowlheunertoiott up again and 

return to a state similar to that of itth^co^ 

only after several months or yean, care sIwiM be takeo to w ■ m*erid tb^ * capaMe of 
retaining its clastic properties over such a long period of one. 



The geometry cf the spiiil^wund liner 
production at low cost. For example, it is possible to use metal strips (where necessary strips 
th«t are welded together) that are pierced in a predefined pattern, eg. by punches mounted on 
roBeraorbyahydranBc|>re»havii^ 

continuously so as to give them a toothed profile, and grids may shnflariy be welded at least 
along ooe of the longitudinal edges before winding into a spiral. Finally, the strip rosy be 
aptral-woimd directly and then coiled, either continuously or else after being cut up into equal 



In general, it b preferable to pay out a finer of the invention Aon s red since that is cheaper 
once the section to be completed is long, and more rrfiable since connections are omitted 
Nevertheless, it Is equsfiy possible to use finers of fixed ksigft aiid to perfbnn completion in a 
zone by repeatedly placing and expanding lengths of finer. 
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CLAIMS 

17 A finer for completing a hole in an underground formation, the finer being constituted by t 
spiral-wound trip, its longitudinal edge* having complementary touching profiles such that 
after expansion the fitter is circular m section* 

2/ A finer according to claim l v characterised in that the longitudinal edges define a contact 

surface of general direction D lying in a plane that forms a non zero angle relative to the 
bngtarfnal axis of the finer. 

• i A B J' - - — J * - - ^ n L irirtinn J ? ■ it, ■ f J - _ ^ * 1 iL. -■ * .It—, ^? - - 

j/ a imcr accoramg vo csstm z, cnaraciensea m max saio aqgic tonneo oy me general anectton 
D of the contact surface lies in the range 3(P to 60°. 

4/ A finer according to any preceding claim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

SI A liner according to any preceding daim, characterized in that the finer is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6V A finer according to any preceding daim, characterized n that it is provided with open^ 

7/ A finer according to daim 6, characterized in that k is covered in a grid. 

8/ A finer according to claim 7, characterized in that the grid is welded on. 

9/ A method of completing a hole in an underground formation in which a gptral-wound strip 
is lowered down the hole, and the strip is opened until a brcuUr section is obtained by means 
of a conical placement tool for putting the longitudinal edges into a touching position. 

10/ A method according to daim 4, characterized in that it also includes a cementing 
operation. 

11/ The use of the method acco rd i n g to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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1 2/ The ujc of the method acconfing to claim 9 or 1 0, for repairing a casing, 
13/ Tlie use of the method of date 

14/ A system for completing a hole in an underground formation, characterized m that it 
includes a finer according to any one of claims 1 to I and an expansion tool suitable fix 
splaying apan the k»«^ 
edge to rrign 

IV A tod for withdrew^ 

means for moving the longitudinal edges apart by a diameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuration of a diameter that is smaO enough to enable the tmer to be extracted from 
theweJL 



09/18/2000 18:23:13 page -18- 




Application No: OB 9814066.8 Examiner: 
CWmsieuThed: 1-15 Date of tenth: 


J«$on dec 
5 August 1998 


Patents Act 1977 

Search Report under Section 17 




UK Pweot Office collections, including GB, EP, WO & US pttcnt^ 


adficatioai. in: 


UK a (Ed.P): E1F: FAC 




Inta(Bd.6): EZ1B: 17/00. 17/22 & 43/10 




Other: Online: WW 







Identity «f Armmmn mj relevtot ptififf 


Relevant 
to claims 


X 


GB 2053326 A 


(IbiU t E. K.) especially see the figures tnd the 
abstract 


IAS 


A 


WO9W079S7A2 


(Nofeikan, P.) especially see the abstract and 
figures 




A 


WO 97/17524 A2 


(Sbdl International Research Maatschappy B.V.) 
especially see the abstract and figures 




X 


US 4501327 A 


(Retz, P.) especially see die abstract and figures 


1*944 




An Execuove Agency of the Department of Trade and IruJumy 



09/18/2000 18:23:13 page -19- 



